ABSTRACT. Two guereza colobus monkeys (Colobus guereza) reared in a zoological garden in Japan suddenly died of multifocal fibrinonecrotic gastroenteritis and septicemia associated with infection by Yersinia spp. It was necessary to microbiologically differentiate Yersinia frederiksenii and Y. enterocolitica. We described the pathological findings and discuss the causal agent to emphasize the need to revert to using a combination of multiple examinations for diagnosis.
doi: 10.1292/jvms.19-0039 serosal hemorrhage, and multiple raised mucosal lesions of the stomach, up to 4 × 2 cm in diameter, with fibrinonecrotic exudate in center and frequent peripheral halo-like hemorrhages (Fig. 1a) . Liver, spleen, and gastric lymph nodes in the both cases were mildly to moderately enlarged by hyperemia and congestion.
Tissue samples of the major organs, including the liver, spleen, kidney, heart, lung, stomach, and intestine, were fixed in 10% neutral buffered formalin and sent to our laboratory. Tissue samples were routinely processed for histopathology and sections were stained with hematoxylin and eosin (HE) and Gram staining (Brown-Hopps method). Histologically, glandular stomachs in the both Case 1 and Case 2 revealed multiple ulcers. These ulcerative foci contained numerous bacterial colonies intermixed with fibrinonecrotic debris associated with severe infiltration of neutrophils (Fig. 1b) . The intralesional bacteria were gram-negative coccobacilli (Fig. 1c) . Neutrophilic infiltration occasionally extended deep in the muscularis mucosa and submucosal tissue. Fibrin thrombi with bacterial clumps were frequently observed in dilated veins. The both cases revealed multifocal hepatocytic necrosis with mild to moderate infiltration of neutrophils and macrophages and intralesonal bacterial colonies in the liver (Fig. 1d) . Similar necrotic foci were also noted in the spleen of both animals and in the gastric lymph nodes of Case 2. The kidney, heart, lung, and pancreas showed no significant lesions.
For identification of bacteria, samples were collected from the liver, spleen, stomach, gastric lymph nodes, intestines, and feces using sterile transport swabs (Health Sciences Research Institute, Yokohama, Japan) and analysed by the institute using an automated microbiology system (VITEK ® 2 Compact, bioMerieux, Marcy l'Etoile, France). Yersinia frederiksenii were detected in all of the examined samples from Case 1 and in the spleen and gastric lymph nodes from Case 2. Escherichia coli was also detected in the liver from Case 1 and the gastric lymph nodes and intestinal contents from Case 2. Clostridium perfringens was detected in the gastric ulcer and gastrointestinal contents from Case 1.
Next, the affected gastric lymph nodes from Case 2 were homogenized in brain heart infusion (BHI) broth (Becton, Dickinson and Co., Franklin Lakes, NJ, U.S.A.) and incubated at 37°C for 12 hr in our laboratory. The suspension was spread across the surface of Cefsulodin-Irgasan-Novobiocin (CIN) agar plates (Becton, Dickinson and Co.) and incubated at 27°C for 24 to 48 hr. Slightly protruding red colonies, which were 4-5 mm in size, dark pink in the center with semitransparent in edge, were formed on the CIN agar plates. All of the isolates from three colonies were identified as Y. enterocolitica by the Vitek ® system performed by Health Sciences Research Institute. Additionally, genomic DNA from the isolate was extracted using a DNeasy tissue kit (Qiagen, Hilden, Germany) for 16S ribosomal RNA gene sequence analysis and polymerase chain reaction (PCR) amplification was performed using the following primer set: 10F (5′-GTTTGATCCTGGCTCA-3′) and 800R (5′-TACCAGGGTATCTAATCC-3′). These primers were designed to amplify ~800 bases on the 5′ side of bacterial the 16S small subunit ribosomal RNA gene. The sequence of isolates showed 100% homology with Y. enterocolitica (GenBank accession no., CP009846.1), whereas it had 96.0 to 97.5% homology with Y. frederiksenii (GenBank accession no., Af366379, AJ639876 and AJ639875).
From these results, both cases were diagnosed as acute multifocal fibrinonecrotic gastroenteritis due to Yersinia spp. and they died from septicemia. These pathologic findings in the both cases were consistent with those of yersiniosis. There was no histologic change associated with coliform infection, including E. coli adhering on the apical surface of the mucosal epithelial cells and neutrophilic colitis with crypt epithelial cell hyperplasia and attenuation of surface epithelium, in the present cases. Yersinia enterocolitica usually causes intestinal infections in primates, which results in symptoms such as vomiting, diarrhea, and depression [8] . In mammals, enteric Yersinia migrate to the ileum, cecum, and ascending colon of the intestine and the associated lymph tissues after oral ingestion [3] . Y. enterocolitica can disseminate to the visceral organs via portal circulation or the lymphatic system, or both; causing suppurative inflammation and acute death [3] . Characteristic postmortem findings, previously reported in nonhuman primates, include severe acute segmental suppurative erosive enterocolitis and necrotic and suppurative foci within the liver, spleen, and mesenteric lymph nodes [8] . The jejunum and ileum are generally the most frequently affected segments of the intestine but stomach is also affected [3] . Although severe inflammation was observed in the stomach than in the lower intestines in the present cases, it was difficult to determine whether the distribution of lesions is peculiar to the disease of this species.
In the present cases, Y. frederiksenii was initially suspected to be the pathogen by an automated system. The Vitek ® system utilizes a colorimetric method, identifies bacterial species according to their different biochemical profiles. The system has high level of accuracy for identifying Y. enterocolitica, Y. enterocolitica-like species, and other clinical gram-negative bacilli [15] . In fact, the isolates on Yersinia-selective agar was identified as Y. enterocolitica by both the device and the sequence analysis, which indicated the reliability of the system. Therefore, we could not strictly have denied that Y. frederiksenii was the causative agent. Y. enterocolitica-like species are regarded as avirulent bacteria but the pathogenic potential is suggested because some strains of them contain virulence-related genes [9] and Y. enterocolitica-like species are likely to be simultaneously detected with Y. enterocolitica in pediatric patients [7] . With regard to the inconsistency between the initial microbiology and the following sequence analysis, three possibilities may be considered. The growth ability of the microorganisms may have been affected by the selective agars when we have performed the bacterial isolation. CIN agar is a highly selective medium designed to isolate Y. enterocolitica. Y. enterocolitica is able to rapidly proliferate on the agar whereas the growth of Y. frederiksenii may be inhibited in the culture condition. (3) The last is simple sampling error during the necropsy. However, the third speculation is highly unlikely, since the initial automated analysis needs tissue cultures superior to swab cultures [1] and Y. frederiksenii has been detected in several organs in precisely the same way.
Our results indicated that there is a risk of failure to accurately identify causal pathogens and to overlook important bacterial species, especially when Yersinia infection is suspected. To our knowledge, this is the first report case of Yersinia infection in two guereza colobus monkeys.
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